Objectives: Gather normative data on the goals of clinical peer review; refine a best-practice model and related self-assessment inventory; identify the interval progress towards bestpractice adoption. 
Background
Peer review is used in a wide variety of healthcare settings, therefore the term may be subject to confusion. Here, we examine the routine clinical peer review programs found in all US hospitals, which invariably include retrospective medical record review of the quality of care [1] . These programs have served as the primary vehicle by which medical staff contribute to quality and safety improvement [2] . Clinical peer review appears to be the dominant mode of adverse event analysis in the hospital setting [3] . Despite its importance, clinical peer review process has received insufficient attention.
For example, neither the goals of peer review nor the content of training offered to reviewers has been formally studied.
Prevailing practice evolved as a consequence of 1980 Joint Commission standards that replaced a medical audit process which had failed to control escalating costs induced by the Medicare program [4] . About the same time, the first malpractice insurance crisis led hospitals to build risk management programs. The conjunction of these two forces led them to adopt 'generic screens' for substandard care as a means of peer review case identification, notwithstanding the lack of validation for that purpose [5, 6] .
These practices have long been criticized as being out of touch with the evolution of systems thinking and quality improvement (QI) methods [7, 8] . Even so, a 2007-study showed that they persist [1] . The same study also identified a set of practices associated with a higher degree of perceived program impact on quality and safety. The authors termed it the QI model because most of the practices would logically follow from the systematic application of QI principles to the process of clinical peer review. In 2009, the QI model was subsequently validated in a different population against both subjective and objective measures of program impact [2, 9] . A shortterm follow-up study of 2007 and 2009 participants conducted in 2011, refined the model, but showed little progress towards its adoption despite a 20% annual rate of major program change [3] .
Among other practices, the QI model includes the standardization of peer review process, a focus on identifying opportunities for improved performance (as opposed to casting blame for error), promotion of selfreporting of adverse events, near misses and hazardous conditions, the quality of case review, timely performance feedback, recognition of clinical excellence, a solid connection between the peer review program and the organization's QI process and attentive program governance [3] . A program self-assessment tool was published in 2009 [10] .
This study in healthcare operations improvement was undertaken to evaluate long-term trends in the evolution of clinical peer review practices, gather data on program goals, further characterize best practice and refine the program self-assessment inventory. It's purpose was to guide healthcare leaders in re-designing clinical peer review programs to have maximum impact on the quality and safety of care.
Methods
The sample frame consisted of 457 identifiable acute care general and pediatric hospitals still operating from among those first studied in 2007 (n = 152 of 337) or 2009 (n = 305 of 330). The 2007-study was sponsored by the University HealthSystem Consortium (now Vizient), Premier Inc., the American College of Physician Executives (ACPE-now the American Association for Physician Leadership) and six state hospital associations each of whom solicited their membership for an online survey. The 2009 study was sponsored by the ACPE alone. Both studies captured data from hospitals of all sizes, but somewhat over-represented teaching hospitals.
Prior survey instruments provided the framework for data collectionsubstituting new items addressing the goals of peer review, reviewer training and nursing involvement; and refining selected item wording to improve clarity. Respondents' self-rated peer review program impact on quality and safety was the primary outcome variable. The survey also captured their reported medical staff perceptions of the process, physician engagement in quality and safety improvement activity, and overall physician-hospital relations. The scale for rating quality impact was expanded from 6 to 8 levels to enhance reliability [11] . Forty items populated four secure web pages.
Conformance to the QI model was assessed as a 'QI model score' by modifying the 13-item self-assessment tool derived from the 2007-study [10] and validated against the 2009 cohort [9] to exclude two items (the use of clinical performance measurement and reliable rating scales), which derived from measurement theory rather than the results of regression modeling.
In 2009, 27 paired ratings allowed estimation of inter-rater reliability of the survey instrument via the intra-class correlation coefficient [12] at 0.61 [0.31-0.80] and 11 duplicate responses gave an intra-rater reliability of 0.88 [0.63-0.97] [9] . Since these values adequately support aggregate comparisons and the general questionnaire design was comparable, a re-validation study was not done.
The author solicited prior participants via email and phoned nonresponding facilities to verify receipt or identify other potential respondents. Data collection extended from 5 October 2015 through 7 March 2016. The analysis included both complete and partial (3-page) responses with final disposition codes for the sample frame assigned at the hospital level according to 2015 AAPOR standards [13] .
The longitudinal change in QI model scores was assessed using paired t-tests. Association of tabulated survey items with outcomes variables was evaluated using Pearson chi-square. Items meeting a cutoff of P < 0.05 were accepted as univariate correlates. They were further analyzed in multivariate models using ordinal logistical regression to estimate their independent contribution to program Results Table 1 summarizes sample frame hospital characteristics. The study yielded 268 complete responses, two partial responses, six breakoffs, 39 refusals and one non-contact for an overall response rate of 59% (270/457). The informants were primarily senior leaders (44%) and mid-level managers (46%). About 62% (167/270) were physicians. Only 40% had participated in a prior study. There were no significant differences between respondent and non-respondent hospitals on the basis of prior survey QI model scores, program quality impact and medical staff perceptions. Due to limitations of space, this report will focus on the most salient results of the study, excluding information about Just Culture which is being reported separately [14] . Tabulated responses to all survey items with measures of association to outcomes variables are presented in Supplementary material. Participants rated the extent to which various objectives describe the primary purpose and aim of their peer review program on a sixlevel categorical scale ranging from 'Most Strongly' to 'Not at All'. The rank ordering by mean rating was highest for 'Improve the quality and safety of care' (5.5) followed by 'Identify and remediate substandard care' (5.1). Having the primary aim of improving quality and safety is a significant multivariate predictor of program impact.
For 79% of respondents, the peer review program is independent of credentialing, even if the results of peer review are used in credentialing decisions. Such separation emerged as another new multivariate predictor of program impact.
Each year since 2007, a median [IQR] of 20% [11-24%] of hospitals have made major changes to peer review program structure, process and/or governance. Only 5% did not report any changes. Table 2 displays the evolution of the scope of what medical staffs park under the umbrella of their peer review programs. Table 3 gives the rank ordering of the methods used to identify cases for peer review. Data review and risk management activities are still the dominant sources by which these case identification criteria are applied. Table 4 compares the process and outcomes measures currently used to monitor program effectiveness to 2007 practice.
Regular solicitation of input from reviewed clinicians is associated with higher program quality impact as is reviewer training, but not reviewer compensation. A third of facilities train most reviewers in chart review methods, legal and risk management issues, and interpersonal skills. A quarter train them on QI methods.
In 69% of facilities, the majority of case reviews are presented and discussed in a committee prior to final decision-making. Nurses, especially leaders, sit on medical staff review committees at 58% of study hospitals. Some programs routinely assess nursing care during the case review process. Although they typically refer nursing issues to nursing for resolution, a few directly address all improvement opportunities.
The The revised QI model inventory totals to 100 points and includes the 20 items presented in Table 5 . The rank order highlights the for physician-hospital relations. The revised score better predicts program impact than the original when comparing log likelihoods for the regressions (−267 vs. −304). Other things being equal, higher revised score is itself best predicted by the relative importance of the peer review program compared to other QI activities, the quality of organizational leadership, openness to change, aiming at improved quality and scoring at least 60 points on the original scale at cohort entry (adjusted R 2 = 54%).
Discussion
This study affirms that the primary goal of clinical peer review in the USA is improved quality and safety of care and adds new dimensions to a best-practice model for achieving that aim. Most study hospitals have re-tooled their clinical peer review programs since 2007, but nearly two-thirds failed to incorporate additional best practices. The separation of the peer review program from credentialing activity is correlated with greater quality impact. Credentialing focuses on the competence required to perform requested privileges. Competence is an enduring quality, which is resilient to change. Questions of competence may be perceived as threatening because they put privileges, licensure and livelihood at risk.
In contrast, case review deals with specific episodes of care to evaluate clinical performance, which may vary under influence of organizational and human factors. Even the best methods are insufficiently reliable to justify a negative judgment of competence from a single case [15, 16] . The 2007 observation that hospitals use unreliable methods to 'score' the findings from case review still holds true. The three-level approach categorizing how others might have managed the case adopted by the Veteran's Administration is typical [17] . Such ratings don't lend themselves to aggregation and reflect a confusion of agreement with reliability [18] . The reliability of a measure is directly related to the observed variability. For example, if all physicians are rated above average, even though the raters are in perfect agreement there is no variability in the ratings, which are therefore unreliable.
Medical staffs still rely on generic screens suggestive of adverse events to identify cases worthy of review. A well-supported alternative, namely Rapid Response Team activations, is rarely used [19, 20] . Selfreporting is also little used, even though it's the most efficient and effective method [21] . It surfaced in 2011 as one of the strongest independent predictors of overall program effectiveness. The willingness to self-report problems is a hallmark of safety culture and was critical to the transformation of aviation [22] . It could do the same for healthcare if given high priority: it is visible, easily measureable and requires the organization to consciously shift to a non-punitive peer review process typified by the QI model.
Managers in all industries commonly follow a 'dashboard' of key performance measures relevant to their area of responsibility. The use of adverse event rates as a measure of program effectiveness may have appeared in the original QI model as an artifact of item wording, since many organizations track these rates for other purposes. Adverse event rates are a less specific measure than the count of improvement opportunities identified by the program, the turnaround-time for case review or the count of clinicians whose excellent performance was worthy of recognition-which are all strongly correlated with program effectiveness, and in combination have been added to the QI model. Nevertheless, the four studies integrated in this longitudinal analysis showed that 25% of respondents can't recall basic metrics like case review volume. Moreover, given the primary aim to improve quality and safety, it is surprising that only a third track process of care improvement opportunities identified. Thus, it seems clinical peer review isn't generally treated as a core business process.
This study is limited by convenience sampling so that confidence intervals for the national population of hospitals cannot be projected. Teaching hospital practice is over-represented. The data are self-reported and un-audited. The survey items provide a relatively coarse-grained view of the process. Objective measures of program activity, including the proportion of reviewed cases with actions to improve clinical performance tend to be closely protected and could not be accessed. There is also potential for non-response bias, although this is mitigated by the high response rate and congruence across four studies.
This study reveals a substantial gap between prevailing clinical peer review process and best practices in the pursuit of quality and safety. Successful translation of evidence into practice invariably requires consideration of the local environment [23] . It will take the cumulative work of many organizations consciously aiming at the QI model to further refine it and demonstrate winning strategies for its implementation. That work could be expedited through the improvement collaborative process, which has been successful in 
